Allergic rhinitis is one of the most important medical conditions; with around 10-25% of the global population suffering from allergic rhinitis. Allergic rhinitis also increases the risk of bronchial asthma, chronic sinusitis, and otitis media. While allergen-specific immunotherapy, antihistamine drugs, cromones, and topical and systemic corticosteroids are commonly used for the treatment of allergic rhinitis, phytotherapy for allergic rhinitis as alternative treatment is not commonly employed world-wide. Furthermore, like conventional therapies, specific plants may demonstrate adverse effects as they may possibly act as sources of allergens, which can cause immediate or delayed-type allergic reactions resulting in unexpected clinical manifestations. Despite the prevalence of a generally critical and sceptical attitude towards the use of phototherapy for treatment of allergic rhinitis, the search for herbal drugs for the treatment of this disease is underway. In this regard, some studies confirm a lack of efficacy for some herbal medicine, while other trials provide evidence for relatively high efficacy of phytodrugs for the treatment of allergic rhinitis. Despite the shortcomings of many of these trials, the findings of efficacy and safety from these trials for the different preparations appear to be promising, and have encouraged an increasing number of studies to search for new medical herbs or their combinations for allergic rhinitis therapy. This article reviews the available evidence-based information on the experience of phototherapy for allergic rhinitis employed in oriental and European medicine.
In modern otolaryngology allergic rhinitis is one of the most important conditions, which has demanded foremost attention of clinicians for years [1] . According to the ARIA guidelines, allergic rhinitis can be defined globally as a disease of the nasal mucosa, that is characterized by IgE-mediated inflammation of nasal cavity and daily symptoms; including nasal obstruction, nasal discharge (rhinorrhea), sneezing, and nasal itch; manifesting for at least 1 h or more on the daily basis [2] .
Mechanistic studies have demonstrated that a sensitizing/triggering allergen interacts with specific IgЕ on the surface of mast cells located between epithelial cells and subepithelially in the nasal mucosa. The specific IgE is bound to membranes of mast cells and basophils via high affinity Fc-receptor type I, and when two and more IgE molecules are cross bound by the allergen, the receptors come together activating mast cell degranulation and release of pro-inflammatory mediators. Consequently, an acute phase with initial neurogenic and vascular damages develops within several seconds to several minutes post contact with the allergen.
Cell infiltration unfolds throughout 2-8 h reaching the peak within 1-3 days, and lead to the symptoms of allergic rhinitis. It is now well documented that several key mediators, including histamine and tryptase (early phase), cytokines IL-4, IL-6, IL-13, chemokines, and PGD2 and LTC4 (late phase), play vital roles in the cascade of allergic reactions, which lead to the clinical symptoms of disease. Antigen-presenting cells process allergens and present them to Th2 lymphocytes, which produce IL-4, IL-5, IL-13. This causes the differentiation of B-lymphocytes into the plasma cells producing antibodies. As a result of intercellular interaction, chemotactic mediators (IL-5, IL-8, IL-13, LTB4, RANTES) play an important role in attracting an inflammatory cell in the mucous membrane of the nasal cavity [3] [4] [5] [6] .
Presently, allergen-specific immunotherapy [7] [8] [9] , antihistamine drugs [10, 11] , cromones [12] , topical and systemic corticosteroids [13] [14] [15] [16] [17] [18] are used for the treatment of allergic rhinitis. In contrast, the use of alternate forms of therapy for treatment of allergic rhinitis is very limited and evidence for clinical efficacy in well controlled trials is contradictory; however, evidence suggests that some herbal medicines may be efficacious for the treatment of allergic disease. Thus, this study aims to review the available information on phytotherapy of allergic rhinitis.
Methods
Randomised controlled trials were identified by searching PUBMED, MEDLINE, Embase, hand searching article reference lists and through contact with local experts in the field. The terms used for research were: phytotherapy, allergic rhinitis, treatment, herbal drugs, efficacy of herbal compounds.
Efficacy of herbal compounds
It has been estimated that about 10-25% of the global population suffers from allergic rhinitis. In the USA the number of patients with allergy exceeds 40 million, with 25-30 million patients having allergic rhinitis [19] . Similarly, in England the prevalence of allergic rhinitis has been estimated to be 16%, in Denmark 19%, in Germany between 13 and 17%, and in the Russian Federation between 12 and 24%, depending on the different regions [3, [20] [21] [22] . Furthermore, allergic rhinitis increases the risk of bronchial asthma, chronic sinusitis, otitis media, as well as cognitive, emotional, and performance-related problems in childrenand adults [18, [23] [24] [25] .
Therefore, in terms of prevalence and medical and social relevance, the impact on health and quality of life effects of allergic rhinitis is one of the most urgent issues facing both the patient and society alike [2, 26] .
Evidence-based pharmacotherapies commonly employed in the management of allergic rhinitis are well documented and used world-wide [2] . Although, several herbs/medicinal plants have been used as complementary and alternative therapies for asthma, allergy, and immunological conditions, the use of many of these is often not based on unequivocal clinical evidence and many have been shown to be associated with significant adverse effects [27] . For example, while the Echinacea (Echinacea augustifolia, Echinacea pallida, and Echinacea purpurea), is one of the most common herbs used for the treatment of upper respiratory inflammation and allergy, this is also associated with the risk of hepatotoxicity, and aggravation of allergy, asthma and anaphylactic reactions. Similarly, other herbal preparations, including garlic, angelica, German chamomile flower, ephedra, gingko, grape seed extract, licorice root, St. John's worth, kava kava rhizome, peppermint, stinging nettle, and ginseng, are associated with significant adverse effects [27] . Moreover, garlic, ginger, ginkgo, ginseng, and St. John's wort have been reported to interact with conventional drugs and might possibly lead to moderate or serious adverse reactions, or even life-threatening events [28] .
Nevertheless, there are several reports of well-controlled studies detailing phytotherapy of allergic rhinitis. As Chinese, Japanese (Kampo) and Indian (Ayurvedic) medicine advocates the wide use of herbs and mixtures of herbs for the treatment of various diseases, including asthma and allergic rhinitis, the efficacies of some of these have been investigated in well-controlled trials in subjects with allergic rhinitis. The findings of many of these trials need to be confirmed in larger, more rigorously designed clinical trials.
Using a similar study design, Zhao and colleagues [29] recently investigated the effects of Shi-Bi-Lin; a Chinese herbal formula based on the ancient traditional Chinese herbal formula Cang Er Zi San; in a cohort involving 125 patients with perennial allergic rhinitis. The authors demonstrated this preparation also to be safe and significantly effective in relieving some symptoms of perennial allergic rhinitis, improving the nose condition, and enhancing some domains of quality of life compared to placebo.
Although, the mechanisms underlying the efficacies of the Chinese herbal preparations are not entirely clear, one study investigating the putative mechanisms underlying the effects of Biminne in a murine model of airway allergy has suggested that Biminne treatment significantly down-regulated the Th2 cells and cytokines IL-4 and IL-5, and up-regulated the Th1 cells and IFN-γ, compared to control untreated mice; suggesting that Biminne may reduce allergic airway disease by decreasing or reversing the Th2/Th1 ratio towards the control level [30] . Another study investigating the mechanisms underlying the effects of Shi-Bi-Lin has demonstrated this preparation to be capable of reducing activity of a human mast cell line (HMC-1) and inhibiting the synthesis of IL-4 and TNF-α and to an insignificant extent IL-6 in vitro [31] . Similarly, a very recent study investigating the putative mechanism underlying the efficacy of the Japanese traditional medicine Senn-kinn-naidaku-sann (SKNS) in a murine model of allergic rhinitis indicated that this herbal preparation inhibited Th2 responses by enhancement of IL-12 release from macrophages via up-regulation of Toll-like receptor 4 (TLR4) expression [32] . The authors suggested that traditional Japanese medicine improves immunological activity by activating macrophages, reinforcing cell activity of NK-cells and exerting stimulating effect on hemopoietic stem cells.
The effect of non-Chinese herbal medicines for treatment of allergic rhinitis has also been investigated, with limited success. In one randomized double-blind placebo-controlled clinical trial, Bernstein et al. [33] investigated the efficacy and safety of grape seed extract in subjects with seasonal allergic rhinitis given 100 mg twice daily for 8 weeks prior to the ragweed season. The subjects evaluated the symptoms of allergic rhinitis daily, quality of life at baseline and after 4 and 8 weeks' treatment, and necessity for the rescue antihistamine drug chlorpheniramine over the course of treatment. No significant differences were noted between active therapy and placebo within 8 weeks of therapy for any of these outcome measures, suggesting that grape seed therapy was unlikely to be efficacious for treatment of allergic rhinitis.
One of the first studies of the anti-inflammatory activity of an extracts of butterbur (Petasites hybridus) in allergic rhinitis were carried out by Thomet O. A. et al. [34] . In vitro studies Thomet O. A. et al. were suggested that an extract of Petasites hybridus (Ze339) blocks LT synthesis in monocytes and granulocytes. Authors are considered that Petasins to be the pharmacologically active fraction within Ze339. Patients suffering from allergic rhinitis received three times a day two tablets of Ze339 standardized to 8 mg petasins within a time period of 1 week. After 5 days of treatment, Ze339 significantly improved primary end points, which were day-and nighttime nasal symptoms. Nasal resistance, which was measured by rhinomanometry, gradually decreased as a consequence of Ze339 treatment reaching normal levels after 5 days (rhinomanometry: from 403.5+/− 62.0 to 844.8+/− 38.8 ml). Levels of inflammatory mediators in nasal fluids and serum were measured 90 min after drug administration every day in the morning. After 5 days of treatment, a significant reduction of histamine (from 153.7+/− 32.1 to 53.0+/− 8.4 pg/ml) and LT levels (LTB4: from 313.1+/− 46.5 to 180.6+/− 32.2 pg/ml; cysteinyl-LT: from 137.0+/− 42.2 to 70.1 +/− 16.5 pg/ml) could be observed. Moreover, quality-of-life scores significantly improved. The drug had no effect on the distribution of lymphocyte subpopulations in the blood as well as on the capacity of blood leukocytes to generate cytokines and lipid mediators. These results suggest that Ze339 is effective in treating allergic rhinitis patients by decreasing levels of nasal inflammatory mediators [35] .
Then the efficacy of butterbur (Petasites hybridus) in the treatment of seasonal allergic rhinitis has been investigated in several randomized, double-blind, placebo-or non-sedating antihistamine-controlled trials [36] . While three of these placebo-controlled trials showed P. hybridus to be effective for relief of symptoms or improved peak nasal inspiratory flow, another two comparing P. hybridus with cetirizine and one comparing it with placebo found no significant differences between the treatments for any outcomes. However, an open postmarketing surveillance study involving 580 patients treated with an average of 2 tablets of butterbur extract Ze 339 daily for 2 weeks and evaluated for symptoms; including rhinorrhea, sneezing, nasal congestion, itchy eyes and nose, red eyes, and skin irritation using a visual analogue scale; has demonstrated that symptoms of seasonal allergic rhinitis improved in 90% of patients [37] . Furthermore, all symptoms were improved significantly and were clinically relevant, at the end of therapy, compared to baseline; with 80% of patients positively rating efficacy, 92% positively rating tolerability, and 80% positively rating improvement in quality of life. Additionally, treatment by a combination of Ze 339 and anti-allergic medication did not result in a better effect than that attained with Ze 339 monotherapy. More recently, Skoner and colleagues [38] have compared the efficacy of 100 mg butterbur with 10 mg cetirizine treatment daily for 4 weeks in patients with perennial allergic rhinitis and demonstrated that both drugs were equally effective, as indicated by improvements in symptoms and quality of life scores. Similarly, well-controlled studies of lesser investigated herbal preparations have demonstrated statistically significant effects for Aller-7/NR-A2 (a polyherbal formulation prepared from extracts from seven medicinal plants) [39] Tinospora cordifolia [40] and Perilla frutescens [41] in the improvements of several outcome measures, including nasal symptoms (rhinorrhoea, sneezing, obstruction and itching), peak nasal flow rate and mucociliary clearance time, as well as quality of life in allergic rhinitis patients. Homeopathy includes the drugs that potentiate and alleviate nasal inflammatory symptoms, as well as modify the rheological properties of nasal discharge. One such homeopathic drug is Coryzalia (Laboratoires Boiron, France), which is used for the treatment of rhinitis of various origins, i.e. viral, infectious and allergic. This drug contains extracts of Alium cepa (onion), Atropa belladonna (belladonna) Sabadilla ocinarum (sabadilla, Ranunculaceae), Kalium bichromicum (potassium bichromate), Gelsemium sempervirens (yellow jasmine), Pulsatilla vulgaris (pasqueflower); of which practical homeopathy recommends Alium cepa for the treatment of seasonal or perennial allergy, Pulsatilla for effective treatment of nasal obstruction and excessive mucous discharge, Gelsemium sempervirens for relief of headache, weakness and fatigue, and nasal discharge, and Kalium bichromicum for improvement of nasal breathing in nasal mucosa damage with viscous mucus. Atropa belladonna is recommended by clinical guidelines for use at the initial stages of inflammatory respiratory diseases with intoxication syndrome, without catarrhal signs.
One study has investigated the efficacy of Coryzalia in a cohort of 110 children, aged 5-16 years old, suffering from persisting perennial allergic rhinitis [21] . The subjects were divided into three groups; with five subjects in group 1 with mild allergic rhinitis receiving Coryzalia monotherapy; 65 patients in group 2 with mild to moderate allergic rhinitis receiving Coryzalia as part of the complex treatment including irrigation therapy, systemic antihistamine drugs of second generation, nasal sprays; and 40 patients in group 3 with mild to moderate disease receiving conventional complex therapy of allergic rhinitis only. Efficacy assessment was performed by subjective scoring on a 5-point visual analogue scale for each symptom (nasal obstruction, nasal discharge and its nature, sneezing and nasal itch) at baseline, in 5-7 days, on day 14 and 21 of therapy. At enrollment, all children showed impaired nasal breathing (4.01 ± 0.05; 4.18 ± 0.05 and 4.17 ± 0.07), rhinorrhea (4.03 ± 0.07; 4.08 ± 0.05 and 4.02 ± 0.23 scores), sneezing (2.67 ± 0.23; 2.74 ± 0.30 and 2.69 ± 0.4 scores) and nasal itch (2.7 ± 0.25; 2.31 ± 0.27 and 2.54 ± 0.27 scores) in the three groups, respectively (p > 0.05). Comparative analysis of changes in severity of clinical symptoms showed progressively significant improvements in all groups; with 1.5-fold reduction of severity noted in all symptoms on days 5-7, 2-2.5-fold reduction in severity of symptoms noted on day 14, and maximum reduction in severity of symptoms noted on day 21 of therapy. Furthermore, tolerability to Coryzalia was assessed as "good" and "very good" by most subjects. The authors noted that Coryzalia monotherapy of mild allergic rhinitis allowed complete elimination of the disease avoiding vasoconstrictor drops, whereas addition of Coryzalia into complex therapy of children with perennial allergic rhinitis ensured a fast and significant alleviation of the symptoms of the disease. The authors suggested that Coryzalia reduces duration of the course of vasoconstrictor drugs and systemic antihistamine drugs of the second generation and therefore the pharmacological load for treatment of allergic rhinitis [21] .
In one recent study, Ikromov and colleagues [42] used a combination of ultrasound disintegration of inferior concha with subsequent postoperative prescription of herbal calendula and milfoil decoction, for the treatment of patients with allergic rhinitis. Following the herbal treatment, the nasal rhinocytograms of patients revealed significant reduction of eosinophil, neutrophil and epithelia cell counts, and there was clinicallyimproved nasal breathing in all cases. Similarly, a single-blind study in subjects with seasonal allergic rhinitis investigating the effects of combining acupuncture and Chinese herbs has demonstrated significant alleviation of symptoms and improved quality of life compared to the effect of imitated acupuncture and non-specific herbs [43] .
The effect of Nigella sativa (Black onion seed) has also been investigated for the treatment of allergic rhinitis [44] . A cohort of 66 patients with allergic rhinitis were evaluated for the effects of endonasally applied N. sativa oil for 2 weeks, for the presence of symptoms of allergic rhinitis as well as IgE and eosinophil count in nasal wash. Following treatment, the presence of the nasal mucosal congestion, nasal itching, runny nose, sneezing attacks, turbinate hypertrophy, and mucosal palor was reduced during the first 2 weeks. Furthermore, a number of subjects had reduced IgE and eosinophil count in nasal discharge, suggesting that topical application of N. sativa oil attenuated the clinical symptoms of allergic rhinitis by stabilizing mast cell membranes [44] . 
Adverse events
Minor side effects were reported in five cases concerning Nigella sativa, Herbal calendula, Tinospora cordifolia, Butterbur herbal, Grapeseed extract. Only the application of large doses of these herbs have been associated with minimal side effects: contact dermatitis, belching, headache, itchy eyes, gastrointestinal issues. For example, oil extracted from Nigella sativa seeds may cause kidney or liver damage when used in high doses. These possibly severe side effects of treatment were also observed in rats given 2 g per kilogram or more of Nigella sativa oil [45] .
Conclusions
Despite the prevalence of a generally sceptic attitude adopted towards the use of phytotherapy for management of patients with allergic rhinitis, the use of herbal drugs has increasingly been investigated in the treatment of this disease, over the last decade. While some studies have demonstrated a lack of efficacy for some herbal therapies, other trials carried out using evidence-based medicine techniques have provided more convincing evidence for a relatively high efficacy of phytodrugs for the treatment of allergic rhinitis. In view of these promising findings, more research is currently underway to confirm the efficacy of these herbal preparations as well as to search for new medical herbs or their combinations as efficacious and safe alternatives to conventional pharmacotherapies for allergic rhinitis.
Abbreviations ARIA: Allergic Rhinitis and its Impact on Asthma; RQLQ: Rhinoconjunctivitis and Rhinitis Quality of Life Questionnaire; SKNS: Senn-kinn-naidaku-sann
